Introduction
We have investigated the feasibility of simultaneous harmonic acceleration of two beams (recycle) in the ORIC and found this acceleration mode theoretically possible.1 The harmonic acceleration concept and the engineering changes needed on ORIC to implement recycle acceleration are illustrated in Fig. 1 . The high harmonic (or first pass) beam originates at the ion source located in the center of ORIC. This beam is accelerated to the extraction radius of the cyclotron and is extracted by an all-magnetic extraction system followed by a velocity selector. In the electrostatic velocity selector the first pass beam is deflected down and away from the present beam extraction path. An In order to verify that two beams were being accelerated to the maximum radius of ORIC, the beams were extracted and scattered from a gold foil into a solid state detector where the energy deposited in the detector was used to identify the beams. The results of the first "two-beam" experiment on ORIC, where only the voltage of the electrostatic deflector was varied by the theoretical amount, is shown in Fig. 3 . A 1602+ beam at the correct energy was extracted with a deflector voltage of 15 kV and a 1606+ beam at the correct energy was extracted with a deflector voltage of 45 kV. This experiment verified that the first and third harmonic beams are simultaneously accelerated from the ion source to the extractor of ORIC.
Magnetic Extraction Experiment
The extraction system of ORIC is composed of an electrostatic deflector and a two-component magnetic extractor. The first magnetic extraction component has a 3 mm septum. The electrostatic deflector was moved to a larger radius so that the entrance of the first magnetic extractor was exposed to the circulating beam of the cyclotron. Experiments with an all-magnetic extraction system were tested and beams that were magnetically extracted are listed in Table 1 .
Simultaneous Harmonic Acceleration and Magnetic Extraction
Calculations indicated that 6Lil+ on the third harmonic and 6Li3+ on the first harmonic at the cyclotron energy constant of Eo = 24 MeV would both have the turn separation to clear the magnetic extractor septum width. The phase requirement for simultaneous acceleration from the ion source to the extraction radius is easily met for these two beams. A high-intensity beam of 6Lil+ was magnetically extracted and identified by energy and stripping measurements. Identification of the 6Li3+ companion beam was difficult because of the high intensity of 6Lil+. The normal method of reducing beam intensity is to add gas to the ion source, but adding gas to the ion source preferentially decreases the high charge state ions. The presence of 6Li3+ was established by inserting an aluminum absorber to stop all of the 6Lil+ before it reached the energy detector.
The simultaneous detection was achieved by defocusing the extracted beam with a quadrupole until an acceptable count rate was obtained. This gives a small count rate for 6Li3+; a spectrum obtained is shown in Fig. 4 . A 60-micron thick silicon detector was used in this experiment and partially stopped the energetic 6Li3t beam. This experiment verified the simultaneous acceleration and magnetic extraction of harmonic beams starting from the ion source.
Beam Separation Experiment
The difference in velocity (a factor of 3) between the 6Lil+ and 6Li3+ allows the two beams to be separated easily by a velocity selector. An electrostatic parallel plate deflector was installed in the external beam line. After the beams pass through the deflector they enter a steering magnet that redirects the beams onto two particle detectors separated by 6.3 cm (Fig. 5) -20, No. 3, 147 (1973) . 
